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(54) Exhaust gas purifying device for engine 

(57) An exhaust gas purifying device for an engine 
comprises a catalyst arranged in the exhaust passage 
for purifying the exhaust gas, the catalyst having an oxi- 
dizing ability. An amount of sulfate adsorbed in the cat- 
alyst is obtained. When the adsorbed sulfate amount 
becomes larger than a predetermined amount, a reduc- 
ing agent is fed to the catalyst temporarily to desorb the 
adsorbed sulfate from the catalyst and reduce the sul- 
fate. At this time, the amount of the reducing agent is set 
to make the air-fuel ratio of the exhaust gas flowing into 
the catalyst rich. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to an exhaust gas 
purifying device for an engine. 

2. Description of the Related Art 
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[0002] It is well known that an engine in which a lean 
air-fuel mixture is burned is provided with a catalyst hav- 
ing an oxidizing ability arranged in the exhaust passage 
of the , eng.ru. In the engine, the unburned hydrocarbon „ 
(HC) and carbon monoxide CO contained in the exhaust 
gas are oxidized in the catalyst in the oxidizing atmos- 
phere and converted to H 2 0 and C0 2 . However the 

5? ° Win9 int ° the also ^"teins sulfur 

diox.de S0 2 and the S0 2 is converted, in the catalyst in 2C 
the oxidizing atmosphere, to sulfur trioxide S0 3 If the 
Spreads with H 2 0 in the catalyst. H 2 S0 4 is synthe- 

XL " ; S , Undesirab,e that H 2 S0 4 is discharged 

£1T T** " the form ° f the mist «* sul ^ acid. S5 
To solve this problem. Japanese Unexamined Patent 
Pubhcabon No. 53-100314 diseases an exhaust gas 
purifying device for an engine in which the reducing 
agent is fed to the catalyst to reduce S0 3 and H 2 SO? 
i.e.. sulfates, in the catalyst to S0 2 . 2 4 " 30 

UHS? 1 •♦ • T ° fedUCe the Sulfates in me cata| yst suffi- 
ciently, rt is required that the concentration of the reduc- 
ing agent in the exhaust gas flowing into the catalyst is - 

- always made relatively high: However, in a case where 

he lean a.r-fuel mixture is burned in the engine the ss 
arge amount of the reducing agent is needed to make 
^e concentraton of the reducing agent in the inflowing 

To^t 9 Z 9h J, nd ' " 8 f66din 9 of tha reducing 
agent ,s performed continuously, a large amount of the 
reducing agent is needed 

40 

SUMMARY OF THE INVENTION 

10005] An object of the present invention is to provide 

a^l a ofm aS L Urifyin9 ^ Capab,e * reduci "9 *e « 
amount of the reducing agent required for reducing sul- 

HT1 le TT ntainin9tneamou "tot sulfate discharged 
from the catalyst small. 

[0006] According to the present invention, there is pro- 
vfoed an exhaust gas purifying device for an engine so 
having an exhaust passage through which the exhaust 
gas including excess oxygen flows, comprising: a cata- 
fyst arranged ,n the exhaust passage for purging the 
exhaust gas. the catalyst having an oxidizing ability- 

helata^nH^ 6 * ^ 3 reducin 9 « 
2 JSS? 2i k!^ 9 " 19 means for Staining an amount 

the adsorbed sulfate amount is larger than a predeter- 



mined amount; and control means for controlling the 
feeding means to feed the reducing agent to the caTalyst 
fernporanly to desorb the adsorbed sulfate from the cat- 
alyst and to reduce the sulfate when the adsorbed sul- 
fate amount is judged to be larger than the 
predetermined amount. 

l °™? t ^^esent invention maybe morefully under- 
^3^° m the description of the preferred embodi- 
ments of the .nvention as set forth below, together with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] In the drawings: 

Fig. 1 is a general view of an engine; 
Fig. 2 shows a diagram showing the secondary fuel 
injection time for NO x reduction TAUNOX; 
Figs 3A and 3B are schematic illustrations for 
explaining the sulfate adsorption and the sulfate 
desorption and reduction, of the catalyst- 
Figs. 4A to 4C show diagrams showing the inflow- 
ing sulfate amount QSUL; 

Fig. 5 shows a diagram showing the basic second- 
ary fuel injection time TAUSB- 

S«cs u r'* 9ramssht " in9,he ' fch " me 

Fig 8 shows a flowchart for controlling the second- 
ary fuel injection for sulfate reduction- 
Fig 9 shows a flowchart for calculating the main 

_Juel.injection time-TAUIv1;- - ----- - . 

Fig. 10 shows a diagram showing the basic main 
fuel injection time TAUMB; 
Fig 11 shows a flowchart for calculating the sec- 
ondary fuel injection time TAUS ; 
Fig. 12 shows a diagram showing relationships 
between the catalyst temperature TCAT and the 
NO x purifying efficiency PENOX; 
Rg- 13 shows a diagram showing relationships 
between the catalyst temperature TCAT and the 
concentration ratio of the reducing agent RRED 
and the concentration ratio of sulfate RSUL 
Rg. 14 shows a diagram showing the amount of 
sulfate desorbed from the catalyst per unit time 

Rg is shows a diagram showing the secondary 
fuel injection time for sulfate reduction TAUSUL- 
Rg. 16A shows a diagram showing the opening of 
the intake air control valve during the usual engine 
operation VOPU; 9 
Rg. 16B shows a diagram showing the opening of 
the .make air control valve during the secondary 
fuel injection for sulfate reduction VOPS- 

17 ST 5 8 time Chart for plaining the sec- 
ond embodiment of the present invention- 
Rg. 18 shows a flowchart for controlling the sec- 
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ondary fuel injection for sulfate reduction according 
to the second embodiment; 
Figs. 19 and 20 show a flowchart for calculating the 
secondary fuel injection time TAUS according to the 
second embodiment; s 
Fig. 21 shows a flowchart for calculating the open- 
ing of the intake air control valve VOP; 
Fig. 22 shows a time chart for explaining the third 
embodiment of the present invention; 
Figs. 23 and 24 show a flowchart for controlling the 10 
secondary fuel injection for sulfate reduction 
according to the third embodiment; 
Figs. 25 and 26 show a flowchart for calculating the 
secondary fuel injection time TAUS according to the 
third embodiment; is 
Fig. 27 shows a diagram showing the secondary 
fuel injection time for heating TAUH; 
Figs. 28 and 29 show a flowchart for controlling the 
secondary fuel injection for sulfate reduction 
according to the fourth embodiment; 20 
Figs. 30 and 31 show a flowchart for calculating the 
secondary fuel injection time TAUS according to the 
fourth embodiment; 

Fig. 32 shows a time chart for explaining the fourth 
embodiment of the present invention; 25 
Fig. 33 is a general view of an engine according to 
fifth embodiment of the present invention; 
Fig. 34 shows a diagram showing the reducing 
agent injection time TRED; 

Fig. 35 shows a flowchart for controlling the reduc- 30 
ing agent injection for sulfate reduction according to 
the fifth embodiment; 

Fig. 36 shows a flowchart for calculating the reduc- 
ing agent injection time TR according to the fifth 
embodiment; 35 
Fig. 37 shows a flowchart for calculating the sec- 
ondary fuel injection time TAUS according to the 
fifth embodiment; and 

Fig. 38 shows a flowchart for controlling the feeding 
of the reducing agent according to the sixth embod- 40 
iment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

45 

[0009] Fig. 1 illustrates the present invention applied 
to a diesel engine. Alternatively, the present invention 
may be applied to a spark-ignition engine. 
[0010] Referring to Fig. 1 , a reference numeral 1 des- 
ignates an engine body, 2 designates a combustion so 
chamber, 3 designates an intake port, 4 designates an 
intake valve, 5 designates an exhaust port, 6 designates 
an exhaust valve, and 7 designates a fuel injector, of an 
electromagnetic type, for injecting fuel directly into the 
combustion chamber 2. Each fuel injector 7 is con- 55 
nected to a fuel pump 9 via a common fuel accumulator 
8. This allows the fuel injectors 7 to inject fuel at a plu- 
rality of times during one combustion cycle of the corre- 



sponding cylinders. The intake ports 3 of each cylinder 
are connected to a common surge tank 1 1 via corre- 
sponding branch 10, and the surge tank 1 1 is connected 
to an air cleaner 13 via an intake duct 12. An intake air 
control valve 14 is disposed in the intake duct 12, and is 
driven by an actuator 14a. On the other hand, the 
exhaust ports 5 of each cylinder are connected, via a 
common exhaust manifold 15 and an exhaust pipe 16. 
to a catalytic converter 18 housing an exhaust gas puri- 
fying catalyst 17 therein, and the converter 18 is con- 
nected to an exhaust pipe 19. Note that the fuel 
injectors 7 and the actuator 14a are controlled by output 
signals from an electronic control unit 30. 
[0011] The electronic control unit (ECU) 30 is con- 
structed as a digital computer and comprises a read- 
only memory (ROM) 32, a random-access memory 
(RAM) 33. the CPU (micro processor) 34, a backup 
RAM (B-RAM) 35 to which the electric power is always 
supplied, an input port 36, and an output port 37, which 
are interconnected with each other via a bidirectional 
bus 31. A water temperature sensor 38, which gener- 
ates an output voltage in proportion to the temperature 
of the engine cooling water, is attached to the engine 
body 1 . A pressure sensor 39, which generates an out- 
put voltage in proportion to the pressure in the surge 
tank 1 1 , is disposed in the surge tank 1 1 . A temperature 
sensor 40, which generates an output voltage in propor- 
tion to the temperature of the exhaust gas discharged 
from the catalyst 17, is arranged in the exhaust pipe 19 
adjacent to the downstream end of the catalyst 1 7. This 
temperature of the exhaust gas represents the catalyst 
temperature TCAT. Further, an depression sensor 41 
generates an output voltage in proportion to a depres- 
sion DEP of an acceleration pedal 42. The output volt- 
ages of the sensors 38, 39, 40, 41 are input to the input 
port 36 via corresponding AD converters 43, respec- 
tively. The input port 36 is also connected to a crank 
.angle sensor 44, which generates a pulse whenever a 
crankshaft is turned by, for example, 30 degrees. 
According to these pulses, the CPU 34 calculates the 
engine speed N. The output port 37 is connected to the 
fuel injectors 7 and the actuator 14a via corresponding 
drive circuits 45, respectively. 

[0012] In the engine shown in Fig. 1 , the exhaust gas 
purifying catalyst 17 is comprised of precious metal, 
such as platinum Pt, palladium Pd. rhodium Rh, and 
iridium Ir, or transition metal, such as copper Cu, iron 
Fe, cobalt Co, and nickel Ni, carried on a porous carrier, 
such as zeolite, mordenite, ferrierite, alumina Al 2 0 3 . For 
zeolite, silica rich zeolite, such as 2SM-5 zeolite, may be 
used. In the oxidizing atmosphere including the reduc- 
ing agent, such as hydrocarbon HC and carbon monox- 
ide CO, the catalyst 17 can selectively react NO x with 
the HC and CO. to thereby reduce the NO x to nitrogen 
N 2 . Namely, the catalyst 17 can reduce NO x in the cata- 
lyst 1 7, even in the oxidizing atmosphere, if the inflowing 
exhaust gas includes the reducing agent. In other 
words, the catalyst 1 7 has a oxidizing ability in which HC 
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and CO is oxidized to generatefior C0 2 . 

EL ** U '* x,mea HC and CO discharged 
ton the engrne can act as a reducing agent Bo2e7 

mat of the unburned HC and cn ^ 7 

he 22522 ° f 'I 6 ""^ **» to obtain 
tne engine output, i.e.. the main fuel injection and rtn« 

S^ n e 9 n , deV,Ce ^ 30 «* « ^n k for th'e 

CScorSvT^ fUe ' inj6Cti0n time TA UNOX of 
me secondary fuel injection for NO redurtinn « = ' 

^JL^T""** the be9 '' nnin 9- tne exhaust 
gas flowing into the catalyst 17 contains SO, The SO 

it is «iiS5Si ST i 8 ^'*^ However - 

catalvst 17 in*hJ*T a 2 4 ,s d,sch arged from the 

agent existing in the catalyst 17 is small ^Sn O 
adheres to the surface of the cata,ytic SJK & 
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catalyst 17 in the form of O," or O*- «c ,k«. • ^ 
oa cjn j_» A , " u ' ^ or u , as shown in F g. 

02-' Sli ^ Ca,a,ySl 1 7 reacts wi «" the oxygen 0 2 " or 
O jn the surface of the catalytic metal M and synC 

5 

S03(2S0 2 + 02->2S0 3 ). 

r 0 £2 y 17 and Resizes H 2 S0 4 and is 

5 ni * thS miCropores 01 * e * * Sly t 
17 n the form of H 2 S0 4 . Otherwise, a part of SO?is for 

<"ygaa n the catalyst l7ishigh.o,iheDre^™r,t, 

S ^ 1" SUlfete >nd -educing open- 

!* H 2 0 in »,e ca^XmhelS, S>T" 
thar.2act;^hS 50,660 ,rom 11,6 " 

asam (HC) is adsorbed in STSJ?,?!^ 
reacts with the H,SO, or MSO. • ~ ' 

t? to reduce t» H^ortiaftS? " *" 

perature of the catalyst 17 becomes tZZTtZ 

mtwn i„ «, reaucea by the reducing agent 

[0023J In the engine shown in Fig 1 usually thHir 
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as mentioned above. Thus, the concentration of the 
reducing agent in the exhaust gas flowing into the cata- 
lyst 1 7 is usually kept relatively low. Accordingly, the sul- 
fate synthesized in the catalyst 17 at the usual engine 
operation is adsorbed in the catalyst 17 and, therefore, 5 
the amount of sulfate discharged from the catalyst 1 7 is 
kept small. However, the sulfate adsorbing ability of the 
catalyst 17 has a limit and, thus, the sulfate must be 
desorbed from the catalyst 17 before the catalyst 17 is 
saturated with the sulfate. 10 
[0024] Thus, in the present embodiment, the amount 
of sulfate adsorbed in the catalyst 1 7 is obtained and, 
when the adsorbed sulfate amount becomes larger than 
a predetermined amount, the secondary fuel injection 
for sulfate reduction is performed temporarily to feed the 15 
reducing agent to the catalyst 17, to thereby desorb the 
sulfate from the catalyst 17 and reduce the desorbed 
sulfate. 

[0025] It is difficult to obtain the adsorbed sulfate 
amount of the catalyst 17 directly. Thus, in the present 20 
embodiment, the adsorbed sulfate amount is estimated 
on the basis of the engine operating condition. Namely, 
the amount of sulfate flowing into the catalyst 1 7 can be 
obtained on the basis of the engine operating condition. 
[0026] Figs. 4A to 4C show the amount of sulfate 25 
QSUL flowing into the catalyst 1 7 per unit time per unit 
fuel injection time. As shown in Fig. 4A. the inflowing 
sulfate amount QSUL becomes larger as the depres- 
sion DEP of the acceleration pedal 42 becomes larger, 
and becomes smaller as the depression DEP becomes 30 
larger when the depression DEP is considerably large. 
Further, as shown in Fig. 4B, the inflowing sulfate 
amount QSUL becomes larger as the engine speed N 
becomes higher, and becomes smaller as the engine 
speed N becomes larger when the engine speed N is 35 
considerably high. The inflowing sulfate amount QSUL 
is stored in the ROM 32 in advance, in the form of a map 
as shown in Fig. 4C. 

[0027] Thus, if the cumulative amounts of the main 
fuel injection time and the secondary fuel injection time 40 
for NO x reduction are represented by STAUM and 
STAUS, respectively, the sum of STAUM and STAUS is 
represented by STAU, and the time interval of the esti- 
mation of the adsorbed sulfate amount is represented 
by DLT, the estimated adsorbed sulfate amount SQSUL 45 
is represented as follows: 

SQSUL = SQSUL + QSUL - STAU • DLT 

[0028] When the estimated adsorbed sulfate amount so 
SQSUL becomes larger than the predetermined value 
SQ1 , the secondary fuel injection for sulfate reduction is 
started. During the secondary fuel injection for sulfate 
reduction, the secondary fuel injection for NO x reduc- 
tion is stopped. 55 
[0029] The secondary fuel injection time TAUSUL for 
the secondary fuel injection for sulfate reduction is cal- 
culated on the basis of the following equation, for exam- 




ple. 

TAUSUL = TAUSB • KSUL 

where TAUSB and KSUL represent a basic secondary 
fuel injection time, and a correction coefficient, respec- 
tively. 

[0030] The basic secondary fuel injection time TAUSB 
is a fuel injection time required for making the air-fuel 
ratio of the exhaust gas flowing into the catalyst 17 stoi- 
chiometric, and is stored in the ROM 32 in advance as a 
function of the intake air amount Q and the engine 
speed N, in the form of a map as shown in Fig. 5. 
[0031 ] The correction coefficient KSUL is for control- 
ling the air-fuel ratio of the exhaust gas flowing into the 
catalyst 17 when the secondary fuel injection for sulfate 
reduction is in process. If KSUL = 1 .0, the air-fuel ratio 
of the exhaust gas flowing into the catalyst 17 is made 
stoichiometric. If KSUL < 1.0, the air-fuel ratio of the 
exhaust gas flowing into the catalyst 17 is made larger 
than the stoichiometric, i.e., is made lean, and if KSUL 
> 1 .0, the air-fuel ratio of the exhaust gas flowing into 
the catalyst 17 is made smaller than the stoichiometric, 
i.e., is made rich. 

[0032] In the present embodiment, KSUL is set to be 
larger than 1 .0, i.e., the air-fuel ratio of the exhaust gas 
flowing into the catalyst 17 when the secondary fuel 
injection for sulfate reduction is in process is made rich. 
As a result, the sulfate in the catalyst 17 can be des- 
orbed and reduced rapidly and surely. 
[0033] However, when the catalyst temperature TCAT 
becomes low, if a large amount of the reducing agent is 
fed to the catalyst 1 7, a large part of the reducing agent 
will be discharged from the catalyst 1 7 because the des- 
orbing and reducing rate of sulfate become low. This 
also deteriorates the fuel consumption rate. Thus, in the 
present embodiment, the correction coefficient KSUL is 
set to become smaller as the catalyst temperature 
TCAT becomes lower, as shown in Fig. 6A, to thereby 
reduce the degree of richness of the air-fuel ratio of the 
exhaust gas flowing into the catalyst 17 as TCAT 
becomes lower. 

[0034] The secondary fuel injection is performed once 
when the main fuel injection is performed once. Thus, 
when the engine speed N becomes higher, the reducing 
agent fed to the catalyst 17 per unit time may be too 
much and the large amount of the reducing agent may 
be discharged from the catalyst 1 7. Thus, in the present 
embodiment, the correction coefficient KSUL is set to 
become smaller as the engine speed N becomes 
higher, as shown in Fig. 6B, to thereby reduce the 
degree of richness of the air-fuel ratio of the exhaust 
gas flowing into the catalyst 17 as the engine speed N 
becomes higher. In this way, the reducing agent can be 
used effectively for desorbing and reducing the sulfate. 
Note that the correction coefficient KSUL is stored in the 
ROM 32 in advance as a function of the catalyst temper- 
ature TCAT and the engine speed N, in the form of a 
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map as shown in Fig. 6C. 

Z r^ w UCt, ° n ' S P 6 *™* 1 for a «• time/When 
the cate, yst temperature TCAT becomes higher the 

shS?° n , and r6dUCti0n of the sulf *e complete in a . 
short time due to the high sulfate desorptionanc Tredl 

ton ,s continued after the desorption and retoon of 

agent is d.scharged from the catalyst 17 and the f 2 ,„ 
consumption rate is deteriorated. Th!L in tne p7esen1 
^bodjment a rich time coefficient CSUL. whfch repre 

blcl^ fim6, iS S6t t0 beC0me smal ^ as TCAT 
becomes higher, as shown in Fig 7A 

[ ^!LTs Sr ed , above - when ,he en ° ine W - 

LrtT k , 8 large amourrt of the reducing 
agent may be discharged from the catalyst 17 and 
therefore, it is undesirable that the secondarVfue. 
tor , fo, ^sulfate reduction is performed for a" ong 
whenthe engme speed N is high. Thus, in the pfeS » 
embod-ment. the rich time coefficient CSUL is set to 
become smaller as the engine speed N becomes 
h-gher. as shown in Fig. 7B. In this way. thereto 
agent can be used further effectively for 

CSUL is stored in the ROM 32 in advance as a hJ^fZ 

StSJ of a map as shown in Fig 7C 

IvsM? nH!' e n!! dUCin9 39ent is always fed to the cata- 
ofilL a J? 65 ' 5 ? SU ' fate in the catal ^t 1 7 is sup- 30 

2m iTJ, c US ' *" d ' SChar9e 0f su,fate from »"e 
catalyst 17 is suppressed. However, the ratio of th« 

amount of the reducing agent actuaHy ££££ £ 

1 7 L a r y T I"" 8 ' t0 reduce the su,fa te in the 35 

Mh iTST^ ^ COncentration °< the reducing 

SSI ! aUSt 9as flowin 9 into *he catalyst 17 

^S2L M hi9h " H0W6Ver - "^e concentration^! <thl 
guana agent ,n the exhaust gas flowing into the cata 

2 Jin ayS made hi9h ' a ,ar 9e amount of the 40 
"toj> agent will be discharged from the catalytf 7 

roo^i e, ? n ! u T onrateisa,sodeterio ^ed. 

Contrar.lv. in the present embodiment, the sec- 
ondary fuel injedion for suifate reduction is perform ^ 

aXrl JV^ 688 ^ Wh,,e preventin 9 the large 
?™ U ™ of J? «*c»no agent from being discharged 

ton rate from being deteriorated. 

10039] Fig. 8 shows a routine for controlling the sec « 

I (XSULl = T) when the secondary fuel ss 

2 ^: 0 ) *»" *e secondary fuel injection 
tor sulfate reduction must be stopped. When the sulfate 
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soil's the routine goes to ■*> 51 - 

tne sum STAU of the cumulative value of the main fuel 

is^lcdaLS^S 0 " f ° r N0 * redurton ST *US 
•s calculated. STAUM and STAUS are calculated in a 

and STAUS are cleared. In the following step 53 the 

SU ' fa L e am ° Unt QSUL is ^'oulated usS S 
map shown ,n Fig. 4C. In the following step 54 the esi 
mated adsorbed sulfate amount SQSUL fe cacS, 
on the basis of the following equation. ca,culated 

SQSUL = SQSUL + QSUL • STAU • DLT 



where DLT represents a time interval from the preced- 
ing processing cycle to the present process ng cydel 
the following step 55. it is judged whether the adsorbed 

erxfed. 'ttj^^'^^ff^ 

ZZ^ZT CSUL is 

SS! 1 ] Wh en *he sulfate flag XSUL1 is set. the routine 
goes from step 50 to step 58. where counter vafoe C 
which represents the rich time, is inaemenfed b 1 S 
the followrng step 59. it is judged whether the counter 

T< CSUL l T & ^ th6 riCh time coeffidem C^L " 
C s CSUL. the processing cycle is ended. If C > CSUL 

XSUutreffV 0 ^ 60 " «*« the s ^teTteg 
HE C and the !!* IS 10 ""'" 9 the ^"ter 

deared ^ $U,,ate amount SQSUL are 

■merruptior , every predetermined crank angZ ^ * 
[0M2] Refemng to Fig. g, in st % 0 
mam fuel injection time TAUMB is calculated The basic 

rZ^ fofoS 0 " ^ TAUMB iS 3 " 
requ.red for obta.n.ng the required output torque for 

example, and is stored in the ROM 82 h adSSTas^ 
function of the derjres<;inn ^ «"vance as a 

dfp an n 1 aepression of the acceleration pedal 
DEP and the engme speed N. in the form of a nWas 
shown in F,g. 1 0 . In the following step 71 a conSion 

"Satn a JT aS,n9 C ° rreCti0n for 
mCreaSin9 COrrection coeffici ent 

TAUMte^icufated^^^ °' ^ e main * U6 ' ^e^^time 
[0044] Fig. 1 1 shows a routine for calculatina the sec 

tog XSUL1 ,s reset, the routine goes to step 81 . where 
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the secondary fuel injection time for NO x reduction TAU- 
NOX is calculated using the map shown in Fig. 2. In the 
following step 82, TAUNOX is memorized as the sec- 
ondary fuel injection time TAUS. In the following step 83, 
the cumulative value STAUS of the secondary fuel injec- 
tion time TAUS is calculated. Contrarily, in step 80, 
when the sulfate flag XSUL1 is set, the routine goes to 
step 84, where the basic secondary fuel injection time 
TAUSB is calculated using the map shown in Fig. 5. in 
the following step 85, the correction coefficient KSUL is 
calculated using the map shown in Fig. 6C. In the 
following step 86, the secondary fuel injection 
time for sulfate reduction TAUSUL is calculated 
(TAUSUL= TAUSB • KSUL). In the following step 87, 
TAUSUL is memorized as the secondary fuel injection 
time TAUS. 

[0046] Next, the second embodiment will be 
explained. 

[0047] Fig. 12 shows relationships between the NO x 
purifying efficiency PENOX of the catalyst 1 7 and the 
catalyst temperature TCAT If the concentration of NO x 
in the exhaust gas flowing into the catalyst 17, and the 
concentration of NO x in the exhaust gas discharged 
from the catalyst 17 are represented by CNI, CNO, 
respectively, the NO x purifying efficiency PENOX is rep- 
resented by (CNI - CNOVCNI. Referring to Fig. 12, the 
efficiency PENOX is higher than the allowable minimum 
purifying efficiency MNOX when TCAT is within a range 
from LTNOX to UTNOX. If the temperature range from 
LTNOX to UTNOX is referred to as an optimum temper- 
ature range for NO x reduction OTNOX, when TCAT is 
lower than the optimum temperature range for NO x 
reduction OTNOX, the catalyst 17 is not activated for 
NO x reduction. When TCAT is higher than OTNOX, the 
reducing agent fed to the catalyst 1 7 mainly reacts with 
the substance other than NO x , especially oxygen 0 2 . 
and thus the amount of reducing agent will be too little 
to reduce the NO x . Accordingly, the NO x purifying effi- 
ciency PENOX is lower than the allowable minimum effi- 
ciency MNOX when TCAT is out of OTNOX. Contrarily, 
when TCAT is within OTNOX, the catalyst 17 is acti- 
vated for NO x reduction and the reducing agent mainly 
reacts with NO x rather than oxygen O2 and, thus, the 
NO x purifying efficiency PENOX is higher than the 
allowable minimum efficiency MNOX. 
[0048] Therefore, the reducing agent cannot be used 
for NO x reduction effectively, even though the reducing 
agent is fed to the catalyst 1 7 when the catalyst temper- 
ature TCAT is out of the optimum temperature range for 
NO x reduction OTNOX. Thus, in the second embodi- 
ment, the secondary fuel injection for NO x reduction is 
performed when TCAT is within OTNOX, and is stopped 
when TCAT is out of OTNOX. As a result, the reducing 
agent can be used for NO x reduction effectively, while 
suppressing NO x discharged from the catalyst 17 suffi- 
ciently. Note that, in the example shown in Fig. 12, the 
lower threshold LTNOX and the upper threshold UTNOX 
of OTNOX are about 200°C and about 350°C, respec- 



tively. 

[0049] Fig. 13 shows relationships between the cata- 
lyst temperature TCAT, and a ratio RRED between the 
concentrations of the reducing agent in the exhaust gas 

5 at the inlet and the outlet of the catalyst 1 7, and a ratio 
RSUL between the concentrations of sulfate in the 
exhaust gas at the inlet and the outlet of the catalyst 1 7, 
assuming that the exhaust gas flowing into the catalyst 
17 contains no NO x . In Fig. 13, the reducing agent ratio 

10 RRED is shown by the solid line, and the sulfate ratio 
RSUL is shown by the broken line. 
[0050] Referring to Fig. 1 3, when the catalyst temper- 
ature TCAT is low as at the point (a), the reducing agent 
ratio RRED is kept at about 1.0, i.e., almost all of the 

15 reducing agent fed to the catalyst 1 7 is discharged from 
the catalyst 17 without any reactions. On the other 
hand, the sulfate ratio RSUL is kept at about zero, i.e., 
almost no sulfate is discharged from the catalyst 17. 
This is considered to be due to the sulfate adsorption of 

20 the catalyst 17. Namely, as mentioned above, it is con- 
sidered that sulfate is adsorbed in the catalyst 1 7 when 
TCAT is low. 

[0051 ] When the catalyst temperature TCAT becomes 
higher as at the point (b) shown in Rg. 13, the reducing 

25 agent ratio RRED becomes lower and, when TCAT 
becomes equal to or higher than LTSUL, becomes 
smaller than the allowable maximum ratio MRED, while 
the sulfate ratio RSUL is kept about zero. It is consid- 
ered that this is because the reducing agent reduces 

30 sulfate and the ratio of the amount of the reducing agent 
reacting with sulfate to the amount of the reducing agent 
fed to the catalyst 1 7 becomes larger as TCAT becomes 
higher, and that the sulfate which does not react with the 
reducing agent is adsorbed in the catalyst 1 7. 

35 [0052] When the catalyst temperature TCAT becomes 
higher, as at the point (c) shown in Fig. 13, both of the 
reducing agent ratio RRED and the sulfate ratio RSUL 
are kept at about zero. It is considered that this is 
because almost all of the reducing agent fed to the cat- 

40 alyst 17 reacts with almost all of sulfate in the catalyst 
17. Note that, in this temperature region, the sulfate 
adsorbed in the catalyst 17 will be desorbed from the 
catalyst 17. 

[0053] When the catalyst temperature TCAT becomes 
45 higher as at the point (d) shown in Fig. 13, the sulfate 
ratio RSUL becomes larger and, when TCAT becomes 
higher than UTSUL, becomes larger than the allowable 
maximum ratio MRED, while the reducing agent ratio 
RRED is kept at about zero. It is considered that this is 
so because the reducing agent fed to the catalyst 1 7 reacts 
mainly with the substance other than sulfate, especially 
oxygen 0 2 and the ratio of the amount of the reducing 
agent reacting with oxygen 0 2 to the amount of the 
reducing agent fed to the catalyst 1 7 becomes higher as 
55 TCAT becomes higher. 

[0054] When the catalyst temperature TCAT becomes 
higher as at the point (e) shown in Fig. 13, the sulfate 
•ratio RSUL is kept at about 1.0 and the reducing agent 
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ratio RRED is kept at about zero. It is considered that 
this is because almost all of the reducing agent fed to 
the catalyst 1 7 reacts with oxygen 0 2 . 
[0055] Namely, if the temperature range from LTSUL 
to UTSUL shown in Fig. 13 is referred to as an optimum s 
temperature range for sulfate reduction OTSUL, when 
the catalyst temperature TCAT is within OTSUL and the 
reducing agent is fed to the catalyst 1 7, the sulfate in the 
catalyst 17 is reduced and the amount of the sulfate 
adsorbed in the catalyst 17 becomes lower, while the w 
amounts of the reducing agent and sulfate discharged 
from the catalyst 17 is sufficiently reduced. Thus in the 
second embodiment, the secondary fuel injection for 
sulfate reduction is performed to feed the reducing 
agent to the catalyst 17 when TCAT is within OTSUL is 
and the adsorbed sulfate amount SQSUL becomes 
larger than the predetermined amount SQ1 The sec- 
ondary fuel injection for sulfate reduction is stopped 
when TCAT is outside OTSUL, or the adsoibed sulfate 
amount SQSUL is smaller than the predetermined so 
amount SQL As a result, the amount of sulfate dis- 
charged from the catalyst 17 can be suppressed suffi- 
ciently, while the reducing agent can be used effectively 
for reducing sulfate. Further, the adsorbed sulfate 
amount is reduced and. thus, the catalyst 1 7 can surely 25 
adsorbs sulfate when TCAT becomes lower again 
Therefore, the amount of sulfate discharged from the 
catalyst 17 can be suppressed more sufficiently. Note 
that, in the example shown in Fig. 13. the lower thresh- 
old LTSUL and the upper threshold UTSUL of OTSUL is 30 
about 350°C and about 450°C. ~ 
[0056] In the second embodiment, the secondary fuel 
injection for sulfate reduction is stopped if the catalyst 
temperature TCAT leaves the optimum temperature 
range for sulfate reduction OTSUL. even when the sul- 35 
fate still remans adsorbed in the catalyst 17. Thus the 
adsorbed sulfate amount SQSUL during the secondary 
fuel injection for sulfate reduction must be obtained. 
[0057] Fig. 14 shows relationships between the 
amount of sulfate desorbed from the catalyst 1 7 per unit <o 
time DSUL, and the counter value C which represents 
the time during which the secondary fuel injection for 
sulfate reduction is performed. In Fig. 14. the solid line 
shows a case where the catalyst temperature TCAT is 
High, and the broken line shows a case where TCAT is as 
low. As shown in Fig. 14, the sulfate is desorbed from 
the catalyst quickly after the secondary fuel injection is 
started when TCAT is high, and is desorbed gradually 
when TCAT is low. The desorbed sulfate amount per 
unit time DSUL is stored in the ROM 32 in advance, as so 
a function of the counter value C and the catalyst tem- 

FS" 6 TCAX 1he form of a map as shown in R 9- 14 
[0058] Thus, the adsorbed sulfate amount SQSUL 
during the secondary fuel injection for sulfate reduction 
is expressed as follows. 

55 
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[0059] In the example shown in Figs. 12 and 13 the 
upper threshold UTNOX of the optimum temperature 
r !??™ ^ N ° x reduction °™OX and the lower thresh- 
old LTSUL of the optimum temperature range for sulfate 
reduction OTSUL are almost equal to each other. How- 
ever, depending on the structure of the catalyst 17. for 
example, there may be a case where UTNOX > LTSUL 
n™! 1 N ^~ LJSUL H0W6ver ' the "PP* threshold 

nSnv , 22£ iS ^ the W **** 
UTNOX of OTNOX. and the lower threshold LTSUL of 

OTSUL is higher than the lower threshold LTNOX of 
side S *oKS* ° TSUL fS 31 ^ ^ ,6mperatUre 



SQSUL = SQSUL - DSUL • DLT 



[0060] In this way, the catalyst temperature TCAT 
when the secondary fuel injection for sulfate reduction is 
performed .s higher than that when the secondary fuel 
injection for NO x reduction is performed. Thus, the ratio 
of the amount of the reducing agent reacting with oxy- 
gen 0 2 to the amount of the reducing agent fed to the 
catalyst 17 when the secondary fuel injection for sulfate 
reduction is performed is higher than that when the sec- 
ondary fuel injection for NO x reduction is performed 
Therefore, if the concentration of the reducing agent 
CRED m the exhaust gas flowing into the catalyst 17 
when the secondary fuel injection for sulfate reduction is 
performed is set to the same when the secondary fuel 
injection for NO x reduction is performed, the reducing 
agent may be fully oxidized before it reaches the down- 
stream end of the catalyst 17. i.e.. the reducing agent 
may not be fed to the entire of the catalyst 1 7 
[0061] On the other hand, sulfate is adsorbed in the 
entire catalyst 17 and. thus. H 2 S0 4 is desorbed from 
tine entire catalyst 17 when the secondary fuel injection 
for sulfate reduction is performed. Therefore, to reduce 
the amount of H 2 S0 4 discharged from the catalyst 17 
ttie reducing agent must be fed to the entire catalyst 1 7 
Thus, in the second embodiment, the reducing agent 
concentration CRED when the secondary fuel injection 
for sulfate reduction is performed is set to be higher than 
that when the secondary fuel injection for NO x reduction 
is performed. Namely, for example, the reducing agent 
concentration CRED when the secondary fuel injection 
for NO x reduction is performed is set to about 1 000 
PpmC and that when the secondary fuel injection for 
sulfate reduction is performed is set to about 3 000 
PpmC. As a result, the reducing agent fed to the catalyst 
17 for reducing sulfate can reach the downstream end 
of the catalyst 17, without being fully oxidized in the 
upstream side of the catalyst 17 and, therefore, the 
reducing agent can be fed to the entire catalyst 17 
[0062] More specifically, the secondary fuel injection 
time for NO x reduction TAUNOX and the secondary fuel 
injection time for sulfate reduction TAUSUL are prede- 
termined so that the reducing agent concentration 
CRED when the secondary fuel injection for sulfate 
reduction is performed is set to be higher than that when 
ttie secondary fuel injection for NO x reduction is per- 
formed. Namely, in the second embodiment. TAUNOX is 
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stored in the ROM 32 in advance, in the form of a map 
as shown in Fig. 2, and TAUSUL is stored in the ROM 
32 in advance, as a function of the intake air amount Q 
and the engine speed N, in the form of a map as shown 
in Fig. 15. 

[0063] On the other hand, some of the fuel injected by 
the secondary fuel injection into the combustion cham- 
ber 2 is partly or fully oxidized in the combustion cham- 
ber 2 or the exhaust passage upstream of the catalyst 
17. In this case, when the secondary fuel injection tim- 
ing is retarded, the amount of fuel oxidized in the com- 
bustion chamber 2 or the exhaust passage becomes 
smaller, or the degree of oxidization of fuel becomes 
lower. In other words, if the secondary fuel injection tim- 
ing is retarded, the amount of the reducing agent oxi- 
dized before flowing into the catalyst 17 is suppressed 
and, thus, the reducing agent concentration CRED can 
be kept higher. At the same time, the heavy reducing 
agent (HC of high molecular weight) can be fed to the 
catalyst 1 7. This enables the reducing agent to reach 
the downstream end of the catalyst 1 7. Contrarily, when 
NO x must be reduced, it is unnecessary for the reducing 
agent to be fed to the entire catalyst 17. Rather, a tight 
reducing agent (HC of small molecular weight) is more 
suitable to reduce NO x Therefore, in the second embod- 
iment, the secondary fuel injection timing for sulfate 
reduction CASUL is set to be retarded with respect to 
the secondary fuel injection timing for NO x reduction 
CANOX. Namely, CANOX is set in a range from about 
90° crank angle (CA) after the top-dead-center of the 
compression stroke (ATDC) to about ATDC 120° CA, 
and CASUL is set in a range from about ATDC 150° CA 
to about ATDC 210° CA, for example. 
[0064] On the other hand, a porous material such as 
zeolite adsorbs HC therein, and desorbs the adsorbed 
HC therefrom when the temperature of the porous 
material becomes high. Thus, the catalyst 17 adsorbs 
HC therein, and desorbs the adsorbed HC therefrom 
when the catalyst temperature TCAT becomes high. 
Therefore, when TCAT is high as in a case where TCAT 
is within the optimum temperature range for sulfate 
reduction OTSUL, the adsorbed HC is desorbed from 
the catalyst 17. At this time, if the secondary fuel injec- 
tion is performed for TAUSUL, which is obtained in 
accordance with the engine operating condition, the 
reducing agent is fed to the catalyst 1 7 excessively and. 
thus, the large concentration of the reducing agent may 
be discharged from the catalyst 1 7. 
[0065] Thus, in the second embodiment, the reducing 
agent concentration CRED is set to keep the concentra- 
tion of the reducing agent in the exhaust gas discharged 
from the catalyst 17 lower than the allowable value, 
when the secondary fuel injection for sulfate reduction is 
performed. 

[0066] Namely, the amount of the reducing agent dis- 
charged from the catalyst 17 depends on the amounts 
of the reducing agent desorbed from the catalyst 17 and 
of the reducing agent fed by the secondary fuel injec- 



tion, and on the reaction efficiency of the reducing agent 
in the catalyst 17. The reaction efficiency of the reduc- 
ing agent in the catalyst 17 depends on the catalyst 
temperature TCAT The amount of the reducing agent 

5 desorbed from the catalyst 17 depends on the amount 
of the reducing agent adsorbed in the catalyst 1 7 and on 
TCAT, and the amount of the reducing agent adsorbed 
in the catalyst 17 depends on the history of the engine 
operating condition. Thus, if the secondary fuel injection 

10 time required for making the concentration of the reduc- 
ing agent in the exhaust gas discharged from the cata- 
lyst 17 equal to the allowable value is referred to as an 
allowable maximum secondary fuel injection time 
MTAU, it is possible to obtain the allowable maximum 

75 secondary fuel injection time MTAUS from TCAT and 
the history of the engine operating condition. Therefore, 
the concentration of the reducing agent in the exhaust 
gas discharged from the catalyst 17 will not exceed the 
allowable value, if the secondary fuel injection time for 

20 sulfate reduction is set not to exceed the allowable max- 
imum secondary fuel injection time MTAUS. 
[0067] Accordingly, in the second embodiment, first, 
the allowable maximum secondary fuel injection time 
MTAUS is calculated on the basis of the catalyst tem- 

25 perature TCAT and the history of the engine operating 
condition. Then, the secondary fuel injection time for 
sulfate reduction is set to TAUSUL when TAUSUL, 
which is obtained on the basis of the engine operating 
condition, is smaller than MTAUS, and is set to MTAUS 

30 when TAUSUL is larger than MTAUS. 

[0068] Note that a sensor for detecting the concentra- 
tion of the reducing agent in the exhaust gas may be 
arranged in the exhaust pipe 19 and the secondary fuel 
injection time for sulfate reduction may, alternatively, be 

35 controlled in accordance with the output signals of the 
sensor. 

[0069] As mentioned above, the air-fuel mixture is 
burned with excess air in the engine and, thus, a large 
amount of oxygen is contained in the exhaust gas f low- 
40 ing into the catalyst 1 7. Therefore, a large amount of the 
reducing agent is required to make the concentration of 
the reducing agent in the exhaust gas high, such as 
3,000 ppmC. This deteriorates the fuel consumption 
rate. 

45 [0070] Thus, in the second embodiment, the opening 
VOP of the intake air control valve 14 is set to VOPS 
when the secondary fuel injection for sulfate reduction is 
performed, which VOPS is smaller than VOPU. which is 
the opening of the intake air control valve 14 during the 

so usual engine operation, i.e., when the secondary fuel 
injection for sulfate reduction is stopped, to thereby 
reduce the amount of oxygen f lowing into the catalyst 
17. This reduces the amount of the reducing agent 
required for the secondary fuel injection for sulfate 

55 reduction and, thus, prevents the deterioration of the 
fuel consumption rate. 

[0071] The opening VOPU during the usual engine 
operation is an opening required for making the engine 
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W m 3 0386 ^ 1,16 e "9 ine is Pro- 

vided wrth the EGR system, the amount of oxvoen in th. 

exhaust gas flowing into the catalyst 1 7 r^y be iucl 

1 9 J. Sh0WS 8 time *«« for explaining the 
e ^' ment - At *» «™ (a) showL F,g 7 

UtT^? ^ am ° unt SO 8 "- becomes Tarl; 
than the predetermined amount SQ1 . At this time if C 
catalyst temperature TCAT is within the opfimum em » 
perature range for sufete reduction OTsTZ seT-~ 
ondary fuel injection for sulfate reduction is started (ON) 
and the openmg VOP of the intake air control vate 14 ii 
reduced from VOPU to VOPS. Thus SQSUL S 
reduced. As long as TCAT is kept wrthin OTSUL thf ~ 

ued and VOP ,s kept at VOPS. As at the time (b). when 

^rtsXTvOp'itotoP? ( ° FF) ^ V ° P iS 
[0074] As at the time (c) whpn <*r>ci n u 50 
larger ten ?Ql whil e TCAT" & outstie OTCUL the°sec^ 
ondary fuel .njection for sulfate reduction i S keot 
stopped and VOP is kept at VOPU. men tC?T 
becomes within OTSUL as at th*» T 
ag fuel inie^on for JXSS* ^eTand * 

wh^r n ,S T ? AT l fr ° m V0PUt0 V °PS. As at the me (e' 
when TCAT becomes outside OTSUL, the secondare 
fuel injection for sulfate reduction is stoppl^arxJ vop s 
turned from VOPS to VOPU 

[0075] Fig. 18 shows a routine for controlling the sec- "° 
ondary fuel .njection for sulfate reduction The Touting * 

10076] Referring to Rg. 1 8 . first, in step 90 it is iudoed 

he^STAu'oTl* 6 r r ine 9065 t0 *P 91 ' 
me sum STAU of the cumulative value of the main f,«,i 

mjecfon time STAUM and the cumulative ^luTof tte 

sT^sl^ ea ^ h t;^ n9 step »■ staum and - 

^ «re ciearea. in the following step 93 the inf inu# 
i>U5UL ^ S 01 • *ne processing cycle is ended. If 



m ^ t ? 1 " ^ rOUtine 90es to «»*> 96- where it is 
e^ 

C?SUL 7 ™^ erature ran 9* for sulfate reduction 
cycfe is' Jno2 » J.!?"* 0TSUI " lhe Posing 
goes to sten S J CAT iS Withi " 0TSUL - *" e ^tine 
r**™ P ' WhSre the SuHate ,la 9 XSUL1 is set 

Son^r 'on?" 3 * 6 fl39 XSUL1 is **• *• ™utine 
goes from step 90 to step 98. where counter value C 

*1 fn H" time is P erior ^. is incremented 
amoun f.. 9 ^ ^ desorbe d sulfate 
amount DSUL ,s calculated using the mao 

o^ed'" R9 Jl ,n ^ fo "-" 9 'tep too.^ 

J ninl^urS" TCAT iS ^ thin 0TS ^ lf 
outS ?OTSUL th L Pr ° C r S,n9 CVC,e iS 6nded - ,f TCAT is 
< O S IS ^ u r ° Ut,ne 906S t0 ste P 1 03 - lf SQSUL 
* 0 .n step 101. the routine also goes to step 10 I In 

SSSf <? ' C0Unt6r va,ue C is cleared. 
f0078] F,g S . 19 and 20 show a routine for calculate 
^secondary fuel injection time. The roJlint Is exe 
art^ by interruption every predetermined time. 
[0079] Referring to Figs. 19 and 20. first in steo 110 
« .s judged whether the sulfate flag XSUL1 is ^set e 
the adsorbed sulfate amount SQSUL is terqer fi, £i 

TU W,thin the ^i" 1 "" 1 temperature ranae for 

f S» r ^ n 0TSUL When the ^'fofo 

wh Jht tpa? 6 9065 10 Step 11 1 ^ wher e it judged 
to NO SST^ Wth ' n the 0ptimum temperature range 

Stnic-X thfro T 0TN0X " men TCAT is within 
OTNOX, the routine goes to step 112 where the 

ondary fuel injection timing CAS is set to CAf^X VK 

tollowmg step 1 1 3. TAUNOX is calculated using me ^ mao 

shown ,n F,g. 2 . In the following step 114 the secondTrv 

fuel injection time TAUS is set to the TAUNOX^m!. * 

n^he ^^ niSPerformed - '"thefolUnX 
1 15^the cumulative value STAUS of the secondary fuel 
ejection time TAUS is calculated. ConfraC when 

wSie^tS h T T ■ the r0Utine 90es to s *^6 
zTm N^^ 8 ^^ 0 " time TAU S is set to 
whi, tSTt J l-^ ndary ,uel '"j 60 * 0 " is stopped 

[0080] When the sulfate flag XSUL1 issetinsteo no 
^eS;? 9 ° e V t0 St6P 1 1 7 - Where th « S^S aTy fuel 

X^S TAul.S AS iS 1 Set t0 CASUL - fo"^9 
R9 15 ir ^ U ' S Ca ' CUlated USi "9 the ««P shown iS 

teteS !nTJ ^ I ^ ' njeCti0n time MTA US is calcu- 
TMSUL t " e , f0,,OW,n ? *P » is judged whether 

rnS^Z T than MTAua ^ TAUSUL < 

onntr„; , rOUt,ne 9068 t0 ste P 1 ». where the sec- 
ondary fuel injection time TAUS is set to TAUSUL When 
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TAUSUL £ MTAUS. the routine goes to step 122, where 
TAUS is set to MTAUS. Namely, when TCAT is within 
OTSUL, the secondary fuel injection for sulfate reduc- 
tion is performed. 

[0081] Fig. 21 shows a routine for calculating the 
opening VOP of the intake air control valve 14. The rou- 
tine is executed by interruption every predetermined 
time. 

[0082] Referring to Fig. 21, first, in step 130, it is 
judged whether the sulfate flag XSUL1 is set, i.e., 
SQSUL is larger than SQ1 and TCAT is within OTSUL. 
When the sulfate flag XSUL1 is reset, the routine goes 
to step 131, where VOPU is calculated using the map 
shown in Fig. 16A. In the following step 132, the valve 
opening VOP is set to VOPU. When the sulfate flag 
XSUL1 is set, the routine goes to step 133, where 
VOPS is calculated using the map shown in Fig. 16B. In 
the following step 134, the valve opening VOP is set to 
VOPS. 

[0083] Next, the third embodiment will be explained. 
[0084] In the second embodiment mentioned above, 
the catalyst temperature TCAT depends on the engine 
operating condition and. thus, the carrying out of the 
secondary fuel injection for sulfate reduction depends 
on the engine operating condition. However, if the low 
load operation or the idling operation of the engine is 
continued, the catalyst temperature TCAT is kept out- 
side the optimum temperature range for sulfate reduc- 
tion OTSUL Thus, the adsorbed sulfate amount 
SQSUL increases gradually and the catalyst 1 7 may be 
saturated with sulfate. Thus, in the third embodiment, 
TCAT is compulsorily made to be within OTSUL by a 
catalyst temperature control device, when the adsorbed 
sulfate amount SQSUL becomes larger than the prede- 
termined value SQ1 . 

[0085] tf the secondary fuel injection is performed, a 
part of the secondary fuel is burned in the combustion 
chamber 2 or in the exhaust passage upstream of the 
catalyst 17 and, thus, the temperature of the exhaust 
gas flowing into the catalyst 17 becomes higher. There- 
fore, in the third embodiment, the secondary fuel injec- 
tion at the combustion stroke or the beginning of the 
exhaust stroke is performed to heat the catalyst 17, to 
thereby make the catalyst temperature TCAT within the 
optimum temperature range for sulfate reduction 
OTSUL. When TCAT is within OTSUL, the secondary 
fuel injection for heating is stopped and, then, the sec- 
ondary fuel injection for sulfate reduction is started. 
[0086] Namely, if TCAT is within OTSUL when SQSUL 
becomes larger than SQ1 , the secondary fuel injection 
for sulfate reduction is immediately started. Corttrarily. rf 
TCAT is lower than OTSUL when SQSUL becomes 
larger than SQ1 , first, the secondary fuel injection for 
heating is performed and. when TCAT becomes within 
OTSUL. the secondary fuel injection for sulfate reduc- 
tion is then started. 

[0087] In the third embodiment, the cumulative 
amount of the secondary fuel injection time for sulfate 



reduction STAUSS is obtained and. when the cumula- 
tive amount STAUSS becomes larger than a set value 
ST1 , the secondary fuel injection for sulfate reduction is 
stopped. The set value ST1 represents an amount of 
5 the reducing agent required for desorbing and reducing 
almost all of the sulfate adsorbed in the catalyst 17, and 
is obtained in accordance with the adsorbed sulfate 
amount SQSUL at the start of the secondary fuel injec- 
tion for sulfate reduction. The set value ST1 is stored in 
70 the ROM 32 in advance to become larger as SQSUL, at 
the start of the secondary fuel injection for sulfate 
reduction, becomes larger. As a result, the reducing 
agent can be used effectively to reduce the sulfate. 
[0088] Next, the third embodiment will be explained in 
75 more detail with reference to Fig. 22. As at the time (a) 
in Fig. 22, if the catalyst temperature TCAT is lower than 
the optimum temperature range for sulfate reduction 
OTSUL when the adsorbed sulfate amount SQSUL 
becomes larger than the predetermined value SQ1 , the 
20 secondary fuel injection for sulfate reduction is kept 
stopped (OFF) and the secondary fuel injection for heat- 
ing is started (ON). As at the time (b), when TCAT 
becomes within OTSUL, the secondary fuel injection for 
heating is stopped (OFF) and the secondary fuel injec- 
ts tion for sulfate reduction is started (ON). At this time, the 
calculation of the cumulative amount of the secondary 
fuel injection time for sulfate reduction STAUSS is 
started. As at the time (c), when the cumulative amount 
STAUSS becomes larger than the set value ST1 , which 
30 has been obtained at the start of the calculation of 
STAUSS, the secondary fuel injection for sulfate reduc- 
tion is stopped and the adsorbed sulfate amount 
SQSUL is cleared. 

[0089] At the time (d), if the catalyst temperature 
35 TCAT is within OTSUL when SQSUL becomes larger 
than SQ1 , the secondary fuel injection for sulfate reduc- 
tion is started without the secondary fuel injection for 
heating. At the time (e), when the cumulative amount 
STAUSS becomes larger than ST1, the secondary fuel 
40 injection for sulfate reduction is stopped and the 
adsorbed sulfate amount SQSUL is cleared. 
[0090] Figs. 23 and 24 show a routine for controlling 
the secondary fuel injection for sulfate reduction. The 
routine is executed by interruption every predetermined 
45 time. 

[0091] Referring to Figs. 23 and 24, first, in step 140, 
it is judged whether the sulfate flag XSUL1 is set. When 
the sulfate flag XSUL1 is reset, the routine goes to step 
141 , where the sum STAU of the cumulative value of the 
so main fuel injection time STAUM and the cumulative 
value of the secondary fuel injection time for NO x reduc- 
tion STAUS is calculated. In the following step 142, 
STAUM and STAUS are cleared. In the following step 

143. the inflowing sulfate amount QSUL is calculated 
55 using the map shown in Fig. 4C. In the following step 

144, the estimated adsorbed sulfate amount SQSUL is 
calculated (SQSUL = SQSUL + QSUL • STAU • DLT ). 
In the following step 145. it is judged whether the 
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£££ J 3te 3ni0mt SQS «'arger than the pre 
determmed value SQL If SQSUL s SQ1, the procL 

SmS ,S " SQSUL > SQ1 • the «^ne goes to 
step 146 where .t is judged whether the catalyst tem- 

for sulfate reduct.cn OTSUL If TCAT is outside OTSUL 
«» routine goes to step 147, where it is judged whether 
otZ^^J^ thG ' 0Wer threshold LTSUL of 

otIul' hJ * LJSUL - i e - TCAT fe ^ «™ 

n • ^° CeSS ' n9 CyCle is ende d- « TCAT < , fl 

o"ol to stL If« AT If ,0Wer tha " 0TSUL > the ™«ne '° 
?xmp!t ^ -Si Wh6re the heatin 9 f,a 9 XHEAT is set 
i~ 0 nH a = f n ; Theheatin 9 ,la 9XHEATi S setwhenthe 

and is reset (XHEAT = "0") when the secondary fuel 
injection for heating must be stopped Se ° 0ndary fuel 15 
[0092] If TCAT is within OTSUL in step 146. the rou- 

0093] When the sulfate flag XSUL1 is set, the routine 

SSL Z 140 10 StSp 152 " where « * i^ 9 e^ 
whether the cumulative amount of the secondary fuel 

sssjr*.*" ^ fate reduction stauss - « » 

SSn h th , 6 r0Utine exp,ained Hereinafter, is larger 
ten the set value ST1. If STAUSS * ST1. the process 

u STAUSS > ST1 ' the ^ goes 
to step 153. where the sulfate flag XSUL1 is reset In the 

ZSS2SSS 1 ?' CUmU ' atiVe amount STAUSSand » 
i^ adSOr ? d Sulfa,e amount SQSUL cleared 
[0094] Figs. 25 and 26 show a routine for calculating 
^secondary fuel injection time. The routine is exe 
cuted^by interrupts every predetermined time. 

KSLSiT!? t i Fi9S - 25 and 26 ' first - in ^ 160. as 
it is judged whether the sulfate flag XSUL1 is set When 

ha ^tetegXSUL1 is reset, the routine goSto^ 

161. where it is judged whether the heating flaq XHEAT 

• set. When the heating flag XHEAT is reset, he S 

goes to step 1 62. where it is judged whether the catalyst « 

temperature TCAT is within the optimum temp^SuS 

OTNOx'^h T*" ° TNOX TCATTs S 

, ■ ■ 6 9 ° eS t0 step 163 ' where the sec- 
SSSI > m,eCt, ° n timin9 CAS is set to CANOX. In the 
foltowmg step 1 64. TAUNOX is calculated using the map <s 

iSm** lnthefo » owin 9step165.theseconda^ 
fuel injection time TAUS is set to the TAUNOX. In the fol- 
towmg step 166. the cumulative value STAUS of the 
secondary fuel injection time TAUS is calculated. Con- 
ton* when TCAT is outsde OTNOX. the routine goes so 

TAulTs set'toTe'a - - 

5?5L JIT" *■ heatin9 ,,a9 XHEAT is set *• *p 

CAH rVi 906S 10 Step 168 ' "»*• °AS is set to 
CAR CAH is a secondary fuel injection timing suitable ss 
for increasing the catalyst temperature TCAT quSy 

TdZ : ,£ cfT 3b0Ut ATDC 900 CA and ^ 
120 CA . for example. In the following step 169. 
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the secondary fuel injection time for heatino TAUH is 
calculated. TAUH is a secondary foe, 
able for increasing the catalyst temperature TCAT 

Sn a 7; S St ° red " the R0M ^advance asa 
function of the intake air amount Q and the enoine 
speed N. in the form of a map as shown in Fig 27 X 

OSZSi TV 70 ' TAUS is set t0 TAUH - "™«y- 2 

secondary fuel injection for heating is performed 
[0097] When the sulfate flag XSUL1 is set in step 160 

clsTZl 0 ™ t0 step m - where CAS is * to 

u,inn tn u^" 9 1 72 ' TAUSUL to calculated 
using the map shown in Fig. 15. in the following step 
173. TAUS is set to TAUSUL. In the following step 174 
me cumulate amount of the secondary fuel infection 

(STAUSS <?ni ieo^ UCtl0n STAUSS is calcinated 
(STAUSS = STAUSS + TAUS) 

Th^? S 6Xt u he fourth emb0di ^ent will be explained. 

toned I embodiments in a point that the temperature sen- 
sor m the exhaust passage and the catalyst 
temperature control device are not provided. The other 

device are same as those of the above-mentioned 
e^ments. and thus the explanations thereof aS 

2IKr*£!5* foUrth embodime "t- the catalyst temper- 
afore TCAT depends on the engine operating c^ndS 

rto the catalyst 17 is relative low at the steady S 
operation or the slow acceleration and. fous TCAT Tn 
12 r ® ach * he 0 P timur " temperature range for sulfate 
reduction OTSUL. Contrarily. during rapid accde^n 
foe temperature of the inflowing exhaust gas is refatiS 

w£n a oiSfe CATre ? CheS ° TSULanS is mai ^ 
wrthin OTSUL for a certain period. However, when the 

temperafore of the inflowing exhaust gas becomes 
hgherthere is a delay until the cata.ys? tempeTuS 
TCAT becomes within OTSUL. 
[0100] Thus, in the fourth embodiment, first it is 

int 9 ^ 6 :^^ 6 en9 ' ne iS ra ^ accal ^t5 and 
Simum'l temperature TCA T is judged to be within the 
optimum temperature range for sulfate reduction 
OTSUL dunng a second set period which starts just 

ton of 11 ^ ^ PaSt SinCe ra #* a ^S 
to .of the eng,ne ,s detected. Namely, if the adsorbed 

amotnt a sSr^ SUUS,ar9erthan,he ^ e ^ 

ZSSZJS T fUe ' iniection for 

SST^f Permed during the second set period 

III 1 ° n o theotherhand - w henTCATisjudgedtobe 

c^ml7 SUL ' " 18 jUd9Sd Wh6ther TCAT is wShin ^e 
optimunr temperature range for NO x reduction OTNOX 

w J J IP A Jl jUd9 f t0 bS Within OTNOX ' *• second^ 
Sa^et TrT'° n w fo L NOx r6duCti0n is P erfo ^. 
inteT! o ' S,Ud0ed 10 be outside OTNOX when the 
ntake air amount Q is lower than a set value for a Tet 
time, or when the engine speed N is lower than a se 
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[0102] The reduction of sulfate generates heat. Thus, 
TCAT may become higher than OTSUL when the sec- 
ondary fuel injection for sulfate reduction is continued. 
In the fourth embodiment, the temperature sensor for 
sensing the catalyst temperature is not provided and, 
thus, the secondary fuel injection is continued through- 
out the second set period, even when TCAT becomes 
higher than OTSUL. In this case, however, the reducing 
agent cannot be used for reducing sulfate effectively, as 
mentioned above. 

[0103] Thus, in the fourth embodiment, the secondary 
fuel injection for sulfate reduction is performed intermit- 
tently when TCAT is judged to be within OTSUL. This 
prevents TCAT from being higher than OTSUL and, 
thus, ensures a good reduction of sulfate. 
[0104] Next, the fourth embodiment will be explained 
in more detail with reference to the flowcharts shown in 
Figs. 28 to 31 and the time chart shown in Fig. 32. 
[0105] Figs. 28 and 29 show a routine for controlling 
the secondary fuel injection for sulfate reduction. The 
routine is executed by interruption every predetermined 
time. 

[0106] Referring to Figs. 28 and 29, first, in step 180, 
it is judged whether the first sulfate flag XSUL1 is set. 
The first sulfate flag XSUL1 is set (XSUL1 = H 1") when 
the absorbed sulfate amount SQSUL becomes larger 
than the predetermined amount SQ1, and is reset 
(XSUL1 = "0") when the release and reduction of sulfate 
is judged to be completed. When the first sulfate flag 
XSUL1 is reset, the routine goes to step 181, where the 
sum STAU of the cumulative value of the main fuel injec- 
tion time STAUM and the cumulative value of the sec- 
ondary fuel injection time for NO x reduction STAUS is 
calculated. In the following step 182, STAUM and 
STAUS are cleared. In the following step 183, the inflow- 
ing sulfate amount QSUL is calculated using the map 
shown in Fig. 4C. In the following step 184, the esti- 
mated adsorbed sulfate amount SQSUL is calculated 
(SQSUL = SQSUL + QSUL • STAU • DLT ). In the fol- 
lowing step 185. it is judged whether the adsorbed sul- 
fate amount SQSUL is larger than the predetermined 
value SQL If SQSUL < SQ1, the processing cycle is 
ended. If SQSUL > SQ1, the routine goes to step 185a, 
where the first sulfate flag XSUL1 is set. 
[0107] When the first sulfate flag is set, the routine 
goes from step 180 to step 186, where it is judged 
whether the second sulfate flag is set The second sul- 
fate flag XSUL2 is set (XSUL2 = "1 ") when it is judged to 
be during the second set period, and is reset (XSUL2 = 
"0") otherwise. When the second sulfate flag XSUL2 is 
reset, the routine goes to step 187, where it is judged 
whether the acceleration flag XACC is set. The acceler- 
ation flag XACC is set (XACC = "1 ") when rapid acceler- 
ation of the engine is detected, and is reset (XACC = 
"0") otherwise. When the acceleration flag XACC is 
reset, the routine goes to step 188, where it is judged 
whether the rate of change ADEP in the depression of 
the acceleration pedal DEP is larger than a set value D1 



(> 0), i.e., the engine is rapidly accelerated. When 
ADEP > D1 , the engine is judged not to be rapidly accel- 
erated and the processing cycle is ended. When ADEP 
> D1, the rapid acceleration of the engine is detected 
5 and the routine goes to step 189, where the accelera- 
tion flag XACC is set. 

[0108] When the acceleration flag XACC is set, the 
routine goes from step 1 87 to step 1 90, where the coun- 
ter value CF is incremented by 1 . The counter value CF 

10 represents the elapsed time from the acceleration flag 
XACC is set. In the following step 191, it is judged 
whether the counter value CF is larger than the set 
value CF1 , which represents the first set period, men- 
tioned above. When CF <> CF1 , the processing cycle is 

75 ended. When CF > CF1, the routine goes to step 192, 
where the acceleration flag XACC is reset. In the follow- 
ing step 193, the second sulfate flag XSUL2 is set. 
Accordingly, the catalyst temperature TCAT is judged to 
be within the optimum sulfate reduction and, thus, the 

20 intermittent secondary fuel injection for sulfate reduction 
is started. In the following step 194, the counter value 
CF is cleared. 

[01 09] When the second sulfate flag XSUL2 is set. the 
routine goes from step 1 86 to step 1 95, where the coun- 
ts ter value CS is incremented by 1 . The counter value CS 
represents the elapsed time from the first set period is 
ended. In the following step 196. it is judged whether the 
counter value CS is larger than the set value CS1 , which 
represents the second set period. When CS < CS1 , the 
30 processing cycle is ended. When CS > CS1 , the routine 
goes to step 197, where the second sulfate flag XSUL2 
is reset. In the following step 198, the counter value CS 
is cleared. At this time, the release and reduction of sul- 
fate is judged to be completed and, in the following step 
35 199, the first sulfate flag XSUL1 is set. In the following 
step 200, the adsorbed sulfate amount SQSUL is 
cleared. 

[0110] Namely, as in the time (a) shown in Fig. 32, 
when the adsorbed sulfate amount SQSUL becomes 

40 larger than the predetermined amount SQ1 , the first sul- 
fate flag XSUL1 is set. Then, as in the time (b), when the 
rate of change in the depression ADEP is larger than the 
set value D1, the acceleration flag XACC is set and the 
increment of the counter value CF is started. Then, as in 

45 the time (c), when the counter value CF becomes larger 
than the set value CF1 , the acceleration flag XACC is 
reset, the second sulfate flag XSUL2 is set, the intermit- 
tent secondary fuel injection for sulfate reduction is 
started, and the increment of the counter value CS is 

so started. Then, as in the time (d), the counter value CS 
becomes larger than the set value CS1 , the second sul- 
fate flag XSUL2 is reset, the secondary fuel injection for 
sulfate reduction is stopped, and the first sulfate flag 
XSUL1 is reset. 

55 [01 1 1 ] Figs. 30 and 31 show a routine for calculating 
the secondary fuel injection time. The routine is exe- 
cuted by interruption every predetermined time. 
[01 1 2] Referring to Figs. 30 and 31 . first, in step 210, 
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it is judged whether the second sulfate flag XSUL2 is 
set. When the second sulfate flag XSUL2 is reset, the 
routine goes to step 21 1 , where it is judged whether the 
catalyst temperature TCAT is within the optimum tem- 
perature range for NO x reduction OTNOX on the basis 5 
of the engine operating condition. As mentioned above, 
TCAT is judged to be outside OTNOX when the intake 
air amount Q is smaller than the set value for the set 
period or the engine speed N is lower than the set value 
for the set period, and is judged to be within OTNOX 10 
otherwise. When TCAT is judged to be within OTNOX, 
the routine goes to stop 212, where the secondary fuel 
injection timing CAS is set to CANOX. In the following 
step 213, TAUNOX is calculated using the map shown in 
Fig. 2. In the following stop 214, the secondary fuel 1S 
injection time TAUS is set to the TAUNOX. In the follow- 
ing step 215. the cumulative value STAUS of the sec- 
ondary fuel injection time TAUS is calculated. Contrarily. 
when TCAT is judged to be outside OTNOX, the routine 
goes to step 216. where the secondary fuel injection 20 
time TAUS is set to zero. 

[01 1 3] When the second sulfate flag XSUL2 is set. the 
routine goes from 210 to step 217. where it is judged 
whether the stoppage flag XSTP is set. The stoppage 
flag XSTP is set (XSTP = "1 ") when the secondary fuel 2S 
injection for sulfate reduction must be stopped tempo- 
rarily, and is reset (XSTP = "0") when the secondary fuel 
injection for sulfate reduction must actually be per- 
formed. When the stoppage flag XSTP is reset, the rou- 
tine goes to step 218. where it is judged whether the 30 
counter value CPFM is larger than the set value CPF1 . 
The counter value CPFM represents the time during 
which the secondary fuel injection for sulfate reduction 
is continuously performed. When CPFM < CPF1, the 
routine goes to step 219. where the counter value 35 
CPFM is incremented by 1. In the following step 220 
CAS is set to CASUL In the following step 221. TAU- 
SUL is calculated using the map shown in Fig. 1 5. In the 
following step 222. TAUS is set to TAUSUL. Thus, the 
secondary fuel injection for sulfate reduction is actually ao 
performed. 

[0114] When CPFM > CPF1 . the routine goes step 
223. where the stoppage flag XSTP is set. In the follow- 
ing step 224. the counter value CPFM is cleared. In the 
following step 225. the counter value CSTP is incre- 45 
merited by 1. The counter value CSTP represents the 
time during which the secondary fuel injection for sulfate 
reduction is continuously stopped. In the following step 
226. TAUS is set to zero. Thus, the secondary fuel injec- 
tion for sulfate reduction is temporarily stopped. so 
[0115] When the stoppage flag XSTP is set. the rou- 
tine goes from step 21 7 to step 227. where it is judged 
whether the counter value CSTP is larger than the set 
value CST1. When CSTP s CST1, the routine goes 
steps 225 and 226 where the secondary fuel injection ss 
for sulfate reduction is continuously stopped. When 
CSTP > CST1 . the routine goes to step 228. where the 
stoppage flag XSTP is set. In the following step 229, the 



counter value CSTP is cleared. Then, the routine goes 
to steps 219 to 222, where the secondary fuel injection 
for sulfate reduction is performed. 
[01 1 6] Namely, as in the time (c) shown in Fig. 32, the 
second sulfate flag XSUL2 is set. the intermittent sec- 
ondary fuel injection for sulfate reduction is started. 
When the secondary fuel injection for sulfate reduction 
is performed for the period represented by CPF1, the 
secondary fuel injection is stopped for the period repre- 
sented by CST1 . The performance and stoppage of the 
secondary fuel injection are repeated alternatively. As in 
the time (d). the second sulfate flag XSUL2 is reset and 
the secondary fuel injection for sulfate reduction is 
stopped. 

[0117] Next, the fifth embodiment will be explained, 
with reference to Fig. 33. 

[01 18] Referring to Fig. 33. the catalyst 1 7 comprises 
a NO x reducing catalyst 1 7a and a sulfate reducing cat- 
alyst 17b connected in series. Namely, the exhaust pipe 
16 is connected to the casing 18a housing the NO x 
reducing catalyst 17a therein, and the casing 18a is 
connected, via the exhaust pipe 20. to the casing 18b 
housing the sulfate reducing catalyst 17b therein. A 
reducing agent feeding device 21 for feeding the reduc- 
ing agent, such as fuel, to the sulfate reducing catalyst 
17b is arranged in the exhaust pipe 20. A temperature 
sensor 40a. which generates an output voltage in pro- 
portion to the temperature of the exhaust gas dis- 
charged from the NO x reducing catalyst 17a. is 
arranged in the exhaust pipe 20 adjacent to the down- 
stream end of the NO x reducing catalyst 17a. The tem- 
perature of the exhaust gas represents the temperature 
of the NO x reducing catalyst 17a (it is referred to as NO x 
catalyst temperature, hereinafter) TCATN. Also, a tem- 
perature sensor 40b. which generates an output voltage 
in proportion to the temperature of the exhaust gas dis- 
charged from the sulfate reducing catalyst 17b. is 
arranged in the exhaust pipe 19 adjacent to the down- 
stream end of the sulfate reducing catalyst 17b. The 
temperature of the exhaust gas represents the temper- 
ature of the sulfate reducing catalyst 1 7b (it is referred to 
as sulfate catalyst temperature, hereinafter) TCATS. 
The output voltages of the sensors 40a and 40b are 
input to the input port 36 of the ECU 30 via correspond- 
ing AD converters 43. respectively. On the other hand 
the output port 37 of the ECU 30 is connected to the 
feeding device 21 via the corresponding drive circuit 45. 
Note that the other structure of the present embodiment 
is same as that of the diesel engine shown in Fig. 1 . and 
thus the explanations thereof are omitted. 
[01 1 9] The NO x reducing catalyst 1 7a is comprised of 
a precious metal, such as platinum Pt, palladium Pd. 
rhodium Rh, and iridium Ir. or a transition metal, such as 
copper Cu. iron Fe. cobalt Co. and nickel Ni. earned on 
a porous carrier, such as zeolite, mordenite, ferrierite. 
alumina Al 2 0 3 . For zeolite, silica rich zeolite, such as 
ZSM-5 zeolite, may be used. The same as the catalyst 
17 in the above-mentioned embodiments, the NO x 
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reducing catalyst 17a has an optimum temperature 
range for NO x reduction OTNOX. Namely, the NO x 
reducing catalyst 1 7a reduces and purifies NO x with the 
high purifying efficiency when the NO x catalyst temper- 
ature TCATN is within OTNOX, if the reducing agent is 
fed to the NO x reducing catalyst 1 7a. However, the NO x 
reducing catalyst 1 7a does not have the sulfate adsorb- 
ing ability as that of the catalyst 1 7. 
[01 20] On the other hand, the sulfate reducing catalyst 
1 7b is comprised of a precious metal, such as platinum 
Pt, palladium Pd, rhodium Rh, and iridium Ir, or a transi- 
tion metal, such as copper Cu, iron Fe, cobalt Co, and 
nickel Ni, carried on a porous carrier, such as silica 
Si0 2 , and titania Ti0 2 . The same as the catalyst 17 in 
the above-mentioned embodiments, the sulfate reduc- 
ing catalyst 17b has a sulfate adsorbing ability and an 
optimum temperature range for sulfate reduction 
OTSUL. Namely, the sulfate reducing catalyst 17b 
reduces sulfate with the high purifying efficiency and the 
amount of sulfate adsorbed in the sulfate reducing cata- 
lyst 17b is reduced when the sulfate catalyst tempera- 
ture TCATS is within OTSUL, if the reducing agent is fed 
to the sulfate reducing catalyst 17b. However, the sul- 
fate reducing catalyst 17b does not have the reducing 
ability for NO x or the oxidizing ability of the catalyst 17. 
Note that the mechanism of the sulfate adsorption and 
the sulfate desorption and reduction of the sulfate 
reducing catalyst 1 7b is considered to be same as those 
in the above-mentioned catalyst 1 7 and, thus, the expla- 
nations thereof are omitted. 

[0121] In other words, the NO x reducing catalyst 17a 
has the high oxidizing ability and the low sulfate adsorb- 
ing ability, and sulfate reducing catalyst 17b has the low 
oxidizing ability and the high sulfate adsorbing ability. 
Thus, in the fifth embodiment, almost all of NO x dis- 
charged from the engine is reduced in the NO x reducing 
catalyst 17a, and almost all of sulfate discharged from 
the engine is adsorbed and reduced in the sulfate 
reducing catalyst 17b. 

[0122] Note that, in the fifth embodiment, the lower 
threshold LTNOX of the optimum temperature range for 
NO x reduction of the NO x reducing catalyst 1 7a is about 
200°C and the upper threshold UTNOX thereof is about 
350°C. The lower threshold LTSUL of the optimum tem- 
perature range for sulfate reduction of the sulfate reduc- 
ing catalyst 1 7b is about 350°C and the upper threshold 
UTSUL thereof is about 450°C. Thus, OTSUL is set to 
the high temperature side with respect to OTNOX. 
[01 23] When the NO x catalyst temperature TCATN is 
within the optimum temperature range for NO x reduction 
OTNOX, the secondary fuel injection for NO x reduction 
is performed by the fuel injector 7 to feed the reducing 
agent to the NO x reducing catalyst 1 7a. When TCATN is 
outside OTNOX, the secondary fuel injection for NO x 
reduction is stopped. 

[0124] When the absorbed sulfate amount SQSUL is 
larger than the predetermined amount SQ1 and the sul- 
fate catalyst temperature TCATS is within the optimum 



temperature range for sulfate reduction OTSUL, the 
reducing agent (fuel) is injected by the feeding device 
21 to the sulfate reducing catalyst 1 7b. In this case, the 
reducing agent injection time TR of the feeding device 

5 21 is set to TRED, which corresponds to TAUSUL 
shown in Fig. 15 and is stored in advance in the ROM 
32, as a function of the intake air amount Q and the 
engine speed N, in the form of a map as shown in Fig. 
34. If the reducing agent for sulfate reduction is fed from 

10 the upstream of the NO x reducing catalyst 1 7a, such as 
from the fuel injector 7 in the form of the secondary fuel 
injection, the reducing agent is almost fully oxidized in 
the NO x reducing catalyst 17a due to the high oxidizing 
ability of the NO x reducing catalyst 17a and, thus. 

15 almost no reducing agent may reach the sulfate reduc- 
ing catalyst 1 7b. Thus, in the fifth embodiment, the feed- 
ing device 21 is arranged between the NO x reducing 
catalyst 17a and the sulfate reducing catalyst 17b for 
feeding the reducing agent to the reducing catalyst 17b. 

20 [0125] When SQSUL is smaller than SQ1 or TCATS is 
outside OTSUL, the injection of the reducing agent by 
the feeding device 21 is stopped. 
[0126] In the fifth embodiment, the NO x reduction and 
the sulfate reduction are performed in the separate cat- 

25 alysts and, thus, the NO x reduction and the sulfate 
reduction may be performed at the same time. Namely, 
when the NO x reduction is performed in the NO x reduc- 
ing catalyst 1 7a. the temperature of the exhaust gas 
flowing into the sulfate reducing catalyst 17b becomes 

30 higher than the temperature of the exhaust gas flowing 
into the NO x reducing catalyst 17a. because the reduc- 
ing reaction of NO x generates heat. As a result, TCATN 
may be maintained within OTNOX and TCATS may be 
within OTSUL. If the adsorbed sulfate amount SQSUL is 

35 higher than the predetermined amount SQ 1 at this time, 
the NO x reduction in the NO x reducing catalyst 17a and 
the sulfate reduction in the sulfate reducing catalyst 17b 
are performed at the same time. 
[01 27] Next, the fifth embodiment is explained in more 

40 detail with reference to Figs. 35 to 37. 

[0128] Fig. 35 shows a routine for controlling the 
reducing agent injection for sulfate reduction. The rou- 
tine is executed by interruption every predetermined 
time. 

45 [0129] Referring to Fig. 35, first, in step 240, it is 
judged whether the sulfate flag XSUL1 is set. The sul- 
fate flag XSUL1 is set (XSUL1 = n 1 ") when the adsorbed 
sulfate amount SQSUL becomes larger than the prede- 
termined amount SQ1 and the sulfate catalyst tempera- 

so ture TCATS is within the optimum temperature range for 
sulfate reduction OTSUL When the sulfate flag XSUL1 
is reset, the routine goes to step 241 , where the sum 
STAU of the cumulative value of the main fuel injection 
time STAUM and the cumulative value of the secondary 

55 fuel injection time for NO x reduction STAUS and the 
cumulative value SRED of the reducing agent injection 
time TR is calculated. In the following step 242, STAUM, 
STAUS, and SRED are cleared. In the following step 
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usfnnThVl^; 9 SU,fate am ° Unt QSUL is 
using the map shown in Fig. 4C. 

[0130] In the fifth embodiment, the amount of sulfate 

J™! SUlfate r6dUCin9 17b *P«n* 

on fuel fed by the main fuel injection, the secondary fuel s 

■nject,on for NO x reduction, and the reducing agem 
injection by the feeding device 21. Thus, inflowing sul- 
fate amount QSUL is calculated on the basis of the sum 
of STAUM, STAUS. and SRED. ' 

'l* he ,0 " 0Win9 Step 244 ' tne esti ^ed w 
adsorbed sulfate amount SQSUL is calculated 

(SQSUL = SQSOL + QSOL • STAU • DLT ). In the fol- 
lowing step 245. it is judged whether the adsorbed su - 
fate amount SQSUL is larger than the predetermined 
value SQL H SQSUL s SQ1, the processing cydels r 5 
ended. If SQSUL > SQ1 . the routine goes to "slept? 

tnl^Tr at^ 9 ^ Wh6ther *• Sulfate cate,vs t tempera- 
m I ' S Within th6 ° ptimum tem Perature range for 
sulfate reduction OTSUL. If TCATS is outside OTSUL 

OTsST Sin9 . CyC,e iS e " ded - " TCATS is "ithin 20 

So ., 9 ° eS t0 6t6p 247> where the s "'fate 
nag XSUL1 is set. 

101 1 32] When the sulfate flag XSUL1 is set, the routine 

goes from step 240 to step 248. where counter value C 
which rep ts lhe ^ durjng whjch ^ ^ ^ 

Jf Q ,h h " '! ,ncremented ^ 1- In the following step 
249. the desorbed sulfate amount DSUL is calculated 
using the map shown in Fig. 14. In the following step 
adsorbed sulfate amount SQSUL is calculated 

25? it ' = !?L UL : DSUL * DLT) - '"thefollowing^ so 
251. t ,s judged whether SQSUL is smaller than, or 
equal fo zero. If SQSUL > 0. the routine goes to step 

OTSur» re T^?c iUd9ed Wh6ther TCATS is ^hin 
OTSUL. If TCATS is within OTSUL, the processing 

cycle is ended. If TCATS is outside OTSUL. tf» rotit ne ss 

goes to step 253. If SQSUL s 0 in step 251 the routine 

aso goes to step 253. In step 253, the sulfate flag 

2E£:2£T the fo,, °* n9 step 254 - «^ 

SSL R9 " 36 shows a routin e for calculating the 40 
reducing agent injection time TR. The routine is exe- 
cuted by interruption every predetermined time. 

u Referrin 9 *o Fig. 36, first, in step 260, it is 
judged whetherthe sulfate flag XSUL1 is set. When the 

wfr ™ 9 p£ SUL1 iS Set the r0Utine *> es to **> 261 45 
^ in I S ' S Ca,culated usi "9 the map shown in Fig. 
34. In foe following step 262. the reducing agent injec- 
tion time TR is set to TRED. Thus, the redoing agSt 
s ection by the feeding device 21 is performed In the 
Wtowmg step 263. the cumulative value SRED of the so 

f SREn^ SS L njeCti ° n time TR is ca,cu, ated 
f2 f ? h = SRED + TR } " ^ the Sulfate *B XSUL1 is 
reset, the routine goes to step 264. where TR is set to 

SI? 1 <. R ?". 37 Sh0ws a routine for oalculating the sec- 
ondary fuel injection time. The routine is executed by 
interruption every predetermined time. 
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S k 2 T 9 *° F ' 9 - 3? " first " in ste P 270. it is 
wSk the NOx """H temperature TCATN is 
OTNnv S tim 7 temperature range for NO x reduction 

aZ L^ e oJ° ATN iS Within 0TN0X - *• ™tine 
^L rS?* 2 1 ' Wh6re the secondar y fuel potion 
5X£ ,S SSt 10 CANOX - ln tne followi n9 step 272, 
TAUNOX ,s calculated using the map shown in Fig. 2. In 
the followmg step 273, the secondary fuel injection time 
JAUS is set to TAUNOX. Thus, the secondary fuel injec- 
ton for NO x reduction is performed. In the following step 
274. the cumulative value STAUS of the secondary fuel 
injection time TAUS is calculated. Contrarily. when 
TCATN ,s outs.de OTNOX. the routine goes to step 275 
where TAUS is set to zero. Thus, the secondary fuei 
injection is stopped. 

[0137] Next, the sixth embodiment will be explained 
The sixth embodiment is different from the fifth embodi- 
ment mentioned above in the point that the sulfate 
reduction is performed regardless of the adsorbed sul- 
fate amount SQSUL. 

[01 38] Fig. 38 shows a routine for controlling the feed- 
ing of the reducing agent. The routine is executed by 
interruption every predetermined time 
[0139] Referring to Fig. 37. first, in step 280. it is 
judged whether the NO x catalyst temperature TCATN is 
wrthm the optimum temperature range OTNOX. When 
TCATN is w,thin OTNOX, the routine goes to step 281 
where the secondary fuel injection for NO x reduction is 

When TCATN is outs.de OTNOX. the routine goes to 
step 282, where the secondary fuel injection for NO, 
reduction is stopped (OFF). Then, the routine goes to 
step 283, in step 283, it is judged whetherthe sulfate ~ 
cata yst temperature TCATS is within the optimum tem- 
perature range OTSUL. When TCATS is within OTSUL 

mSaX ^ S !°T P 284 ' where the reduci "9 ageni 
;nject.on by the feeding device 21 is performed (ON) 
Then, the processing cycle is ended. When TCATS is 
outs.de OTSUL, the routine goes to step 285, where the 
reducing agent injection by the feeding device 21 is 

XSf S FF) - Thea the Pressing cycle is ended. 
[0140] Note that a particulate filter may be housed in 
foe casing 18 and the sulfate reducing catalyst 17b may 

SSSH? °l the fi,ter - H is known that suHate is *™>Y 

adsorbed in the particulate trapped by the filter. Thus 
ttie combination of the filter and the sulfate reducing cat- 
alyst 1 7b reduces the amount of sulfate discharged into 
the exhaust pipe 19. 

[0141] According to the present invention, it is possi- 
ble to provide an exhaust gas purifying device capable 
of reducing the amount of the reducing agent required 
for reducing sulfate, while maintaining the amount of 
suitate discharged from the catalyst small. 
[0142] While the invention has been described by ref- 
erence to specific embodiments chosen for purposes of 
illustrate, it should be apparent that numerous modifi- 
cations could be made thereto by those skilled in the art 
wrthout departing from the basic concept and scope of 
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the invention. 

[0143] An exhaust gas purifying device for an engine 
comprises a catalyst arranged in the exhaust passage 
for purifying the exhaust gas, the catalyst having an oxi- 
dizing ability. An amount of sulfate adsorbed in the cat- 
alyst is obtained. When the adsorbed sulfate amount 
becomes larger than a predetermined amount, a reduc- 
ing agent is fed to the catalyst temporarily to desorb the 
adsorbed sulfate from the catalyst and reduce the sul- 
fate. At this time, the amount of the reducing agent is set 
to make the air-fuel ratio of the exhaust gas flowing into 
the catalyst rich. 

Claims 

1. An exhaust gas purifying device for an engine hav- 
ing an exhaust passage through which the exhaust 
gas including excess oxygen flows, comprising: 



2, wherein a degree of richness of the air-fuel ratio 
of the exhaust gas flowing into the catalyst when 
the sulfate adsorbed in the catalyst is to be des- 
orbed and reduced, is controlled in accordance with 
5 the engine operating condition. 

7. An exhaust gas purifying device according to claim 
6, wherein the degree of richness is set to become 
lower as the catalyst temperature becomes lower. 

10 

8. An exhaust gas purifying device according to claim 
6, wherein the degree of richness is set to become 
lower as the engine speed becomes higher. 

75 9. An exhaust gas purifying device according to claim 
1 , wherein the judging means obtains the adsorbed 
sulfate amount on the basis of the engine operating 
condition. 



a catalyst arranged in the exhaust passage for 20 
purifying the exhaust gas, the catalyst having 
an oxidizing ability; 

feeding means capable of feeding a reducing 
agent to the catalyst; and 

judging means for obtaining an amount of sul- 25 
fate adsorbed in the catalyst and judging 
whether the adsorbed sulfate amount is larger 
than a predetermined amount; and 
control means for controlling the feeding 
means to feed the reducing agent to the cata- 30 
lyst temporarily to desorb the adsorbed sulfate 
from the catalyst and to reduce the sulfate 
when the adsorbed sulfate amount is judged to 
be larger than the predetermined amount. 

35 

2. An exhaust gas purifying device according to claim 

1 , wherein the reducing agent is fed to the catalyst 
to make the air-fuel ratio of the exhaust gas flowing 
into the catalyst rich when the sulfate adsorbed in 
the catalyst is to be desorbed and reduced. 40 

3. An exhaust gas purifying device according to claim 

2, wherein a rich time, which is a time during which 
the air-fuel ratio of the exhaust gas flowing into the 
catalyst is made rich when the sulfate adsorbed in 45 
the catalyst is to be desorbed and reduced, is con- 
trolled in accordance with the engine operating con- 
dition. 

4. An exhaust gas purifying device according to claim so 

3, wherein the rich time is set to become longer as 
the catalyst temperature becomes higher. 

5. An exhaust gas purifying device according to claim 

3. wherein the rich time is set to become shorter as ss 
the engine speed becomes higher. 

6. An exhaust gas purifying device according to claim 



10. An exhaust gas purifying device according to claim 
9, wherein the judging means comprises means for 
obtaining a cumulative amount of fuel fed to the 
engine, and judges that the adsorbed sulfate 
amount is larger than the predetermined amount 
when the cumulative fuel amount is larger than a 
set value. 

11. An exhaust gas purifying device according to claim 

I, wherein the catalyst has an optimum tempera- 
ture range for sulfate reduction, the device further 
comprises first determining means for determining 
whether the catalyst temperature is within the opti- 
mum temperature range for sulfate reduction, and 
the reducing agent is fed to the catalyst when the 
adsorbed sulfate amount is judged to be larger than 
the predetermined amount and the catalyst temper- 
ature is determined to be within the optimum tem- 
perature range for sulfate reduction, to desorb and 
reduce sulfate adsorbed in the catalyst 

12. An exhaust gas purifying device according to claim 

I I , wherein the catalyst has an optimum tempera- 
ture range for NO x reduction, the device further 
comprises second determining means for deter- 
mining whether the catalyst temperature is within 
the optimum temperature range for NO x reduction, 
and the reducing agent is fed to the catalyst when 
the catalyst temperature is determined to be within 
the optimum temperature range for NO x reduction, 
to reduce NO x in the catalyst. 

13. An exhaust gas purifying device according to claim 
12, wherein an upper threshold of the optimum tem- 
perature range for sulfate reduction is set to be 
higher than an upper threshold of the optimum tem- 
perature range for NO x reduction, and a lower 
threshold of the optimum temperature range for sul- 
fate reduction is set to be higher than a lower 
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threshold of the optimum temperature range for 
NO x reduction. 

14. An exhaust gas purifying device according to claim 
11. further comprising temperature control means s 
for controlling the catalyst temperature within the 
optmum temperature range for sulfate reduction 



34 



15. An exhaust gas purifying device according to claim 
14. wherein the temperature control means com- 
prises a fuel injector for feeding fuel directly into the 
combustion chamber of the engine, the fuel injector 
performs a secondary fuel injection at the expan- 
sion stroke or the beginning of the exhaust stroke of 

ca*?T e 10 fe6d fU6 ' 10 C3ta,ySt to heat the " 5 



16. An exhaust gas purifying device according to claim 

I the f ifSt ******* means comprises 

a temperature sensor arranged in the exhaust pas- 
sage downstream of the catalyst for sensingThe 

TZT* * *" 6XhaUSt 938 barged from 
he catalyst, and determines whether the catalyst 
temperature is within the optimum temperature 
range for sulfate reduction on the basis of the 
exhaust gas temperature. 

17 * fr 2?* 9as purifyin9 device accordin a to «*™ 

11, further comprising means for detecting a rapid 
ac^eration of the engine, the first determining 

2£ * !^ neS that Ca,alyst tem Perature is 
wrthin the optimum temperature range for sulfate 
reduction during a second set period which starts 
- - just-after a first set period has past since therapid 
acceleration of the engine is detected 



18. An exhaust gas purifying device according to claim 
11 .wherein the catalyst comprises a NO x reducing 
catalyst arranged in the exhaust passage and a sul- 
fate reducing catalyst arranged in the exhaust pas- 
sage downstream of the NO x reducing catalyst, the 

ISL^S 0 ? Cata ' ySt havin 9 a higher oxidizing 
ability rand a lower sulfate adsorbing ability, the sul- 
fate reduang catalyst having a lower oxidising abil- 
ity and a higher sulfate adsorbing ability, the sulfate 
reduang catalyst further having an optimum tem- 
** reduction, the judging 

means obtains an amount of sulfate adsorbed in 

*l?l lL*^i ng Cata,yst and J^aes whether 
the adsorbed sulfate amount is larger than a prede- 
termmed amount, the first determining means 
determines whether the temperature of the sulfate 
reducing catalyst is within the optimum temperature 
range for reductjon ^ ^ ^ 

catalyst, and the reducing agent is fed to the sulfate 
reducing cafalyst when the adsorbed sulfate 
amount is judged to be larger than the predeter- 
mined amount and the temperature of the sulfate 



reducing catalyst is determined to be within the 
optimum temperature range for sulfate reduction, to 
desorb and reduce sulfate adsorbed in the sulfate 
reducing catalyst. 

19. An exhaust gas purifying device according to claim 
18. wherein the feeding means comprises a reduc- 
ing agent injector arranged in the exhaust passage 
between the NO x reducing catalyst and the sulfate 
reduang catalyst for feeding the reducing agent to 
the sulfate reducing catalyst. 

20. An exhaust gas purifying device according to claim 

IZltZ ^ feedin9 means feeds »e 'Educing 
agent to the catalyst during the usual engine oper 

ation to reduce NO x in the catalyst. 

21 " a Si 8 " 81 r PUnfyin9 d8ViCe accordin 9 to claim 
h T J Concentration ° f ^e reducing agent 
m the exhaust gas flowing into the catalyst when 
toe reducing agent is fed to reduce sulfate is set 
higher than the concentration of the reducing agent 
n the exhaust gas flowing into the catalyst when 
the reducing agent is fed to reduce NO . 

25 x 

22. An exhaust gas purifying device accoiding to daim 
20. wherein the feeding means comprises a fuel 
IS' Jf" 9 ** direct,y irrt0 the combustion 

so tZZZSl «. ? e " 9 n6, the fuel injector P erfor ™ a 
a> secondary fuel injection at the expansion stroke or 

he exhaust stroke of the engine to feed fuel as the 

T Z^n*™!?^ t0 reduce the sulfate 

or-the- NO xr and-the timing of the secondary fuel " " 

mjecton for reducing sulfate is set to be retarded 

SITE* -5 *** timin9 of the secondar * fuel 

mjecton for reducing NO x 



23. An exhaust gas purifying device according to claim 

40 ini^rT^ ,e6din9 m6anS COm P fises a 

injector for feeding fuel directly into the combustion 

2 a ^!T 0f „ th ? en9ine ' the fuel Rector performs a 
secondary fuel injection at the expansion stroke or 
the exhaust stroke of the engine to feed fuel as the 
reduang agent to the catalyst. 

45 

24. An exhaust gas purifying device according to claim 
1. wherein the concentration of the reducing agent 
in the exhaust gas flowing into the catalyst is set to 
ST J COncent,ation of ^e reducing agent in the 
T f S dischar 9ed from the catalyst lower 
than an allowable value. 

25. An exhaust gas purifying device according to daim 
ss • l 6 ""^ 6 reducin 9 aoent is fed to the catalyst 
* imermrttently when the sulfate adsorbed in the cat- 
alyst is to be desorbed and reduced. 

26. An exhaust gas purifying device according to claim 
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1 , further comprising reducing means capable of 
reducing an amount of intake air, wherein the intake 
air amount is reduced when the sulfate adsorbed in 
the catalyst is to be desorbed and reduced, with 
respect to the intake air amount at the usual engine 5 
operation. 

27. An exhaust gas purifying device according to claim 
26, wherein the reducing means comprises an 
intake air control valve arranged in an intake pas- 10 
sage of the engine, the opening of the intake air 
control valve is made smaller when the sulfate 
adsorbed in the catalyst is to be desorbed and 
reduced, than the valve opening at the usual engine 
operation. 15 

28. An exhaust gas purifying device according to claim 
1 , wherein the catalyst is comprised of a precious 
metal, such as platinum, palladium, rhodium, and 
iridium, or a transition metal, such as copper, iron, 20 
cobalt, and nickel, which is carried on a porous car- 
rier. 

29. An exhaust gas purifying device according to claim 

1 , wherein the catalyst is comprised of a porous 25 
carrier, such as zeolite, ferrierite, mordenite. and 
alumina. 

30. An exhaust gas purifying device according to claim 

1 , wherein the air-fuel mixture is burned in the com- 30 
bustion chamber of the engine with an excess of air. 
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